





















VXUIDFH a FP RU OHVV WR FRUUHVSRQG WR WKH VDWHOOLWH
IRRWSULQWV DQG VLJQDOV  7KH 86'$ $JULFXOWXUDO 5HVHDUFK
6HUYLFHRSHUDWHVDFROOHFWLRQRIVRLOPRLVWXUHQHWZRUNVDVD
SDUW RI WKH /RQJ 7HUP $JURHFRV\VWHP 5HVHDUFK /7$5
QHWZRUN WR WKLV HQG  7KHVH QHWZRUNV KDYH EHHQ XVHG WR
YDOLGDWH SURGXFWV IURP $065( 6026 $TXDULXV DQG
60$3  $ UHYLHZ RI WKHVH UHVXOWV DQG D V\QRSVLV RI
VXFFHVVIXOVFDOLQJVWUDWHJLHVDUHGLVFXVVHG








0LFURZDYH 6FDQQLQJ 5DGLRPHWHU $065( LQ  7R
SURYLGH D VHW RI YDOLGDWLRQ GDWD SRLQWV WKH 86'$
$JULFXOWXUDO 5HVHDUFK 6HUYLFH LQVWUXPHQWHG IRXU RI WKHLU
ORQJWHUP H[SHULPHQWDO ZDWHUVKHGV ZLWK VRLO PRLVWXUH DQG
VRLO WHPSHUDWXUH VHQVRUV LQ WDQGHP ZLWK HVWDEOLVKHG




FURSODQG /LWWOH :DVKLWD 2NODKRPD UHSUHVHQWLQJ VXE
KXPLG FURSODQG DQG UDQJHODQG DQG 5H\QROGV &UHHN
,GDKR UHSUHVHQWLQJ VHPLDULG PRXQWDLQRXV UDQJHODQG
7KHVH ZDWHUVKHG QHWZRUNV ZHUH HVWDEOLVKHG RULJLQDOO\ DV
SUHFLSLWDWLRQQHWZRUNVWKHUHIRUHWKHGLVWULEXWLRQLQVSDFHRI
WKHVWDWLRQVZDVQRWRSWLPL]HGWRUHSUHVHQWVRLOPRLVWXUHEXW
UDWKHU FDSWXUH WKH YDULDELOLW\ RI WKH SUHFLSLWDWLRQ )RU
H[DPSOH :DOQXW *XOFK KDV D XQLIRUP GLVWULEXWLRQ RI
VWDWLRQV DFURVV WKHQHWZRUN WR FDSWXUH WKH VPDOO FRQYHFWLYH
HYHQWV WKDW IUHTXHQWO\ RFFXU LQ VRXWKHDVWHUQ $UL]RQD  ,Q
5H\QROGV &UHHN WKH SUHFLSLWDWLRQ QHWZRUN KDV D JUHDWHU
QXPEHU RI VWDWLRQV GHSOR\HG LQ WKH PRXQWDLQRXV DUHDV WR
FDSWXUHWKHRUWKRJUDSKLFYDULDWLRQLQVQRZIDOODPRXQW7KLV
W\SH RI GHSOR\PHQW PDNHV LW FKDOOHQJLQJ WR VFDOH WKH
QHWZRUN WR D UHPRWH VHQVLQJ IRRWSULQW ZKLFK LV
DSSUR[LPDWHO\  NP LQ VFDOH %HJLQQLQJ LQ 
DGGLWLRQDO QHWZRUNV EHJDQ WR EH GHSOR\HG WR DGGUHVV
DGGLWLRQDO PLVVLRQV ZKLFK ZHUH LQ WKH SODQQLQJ VWDJHV
LQFOXGLQJWKH6RLO0RLVWXUH2FHDQ6DOLQLW\6026PLVVLRQ
>@  7KHVH QHWZRUNV LQFOXGHG WKH )RUW &REE 2NODKRPD
ZDWHUVKHGZKLFKLQFOXGHGLUULJDWHGFURSODQG6DLQW-RVHSK¶V
:DWHUVKHG ,QGLDQD PL[HG FURSODQG DQG 6RXWK )RUN
,RZDZKLFK LV GRPLQDWHGE\ FRUQ DQG VR\EHDQFURSODQG
(DFK RI WKHVH ZDWHUVKHG QHWZRUNV XVHV WKH 6WHYHQV:DWHU
+\GUD 3UREH DW D  FP GHSWK ZLWK VRPH VLWHV SURYLGLQJ
DGGLWLRQDO GHSWKV IRU IXUWKHU PRGHOLQJ  7KHVH QHWZRUNV
DORQH ZRXOG QRW EH VXIILFLHQW WR SURYLGH YDOLGDWLRQ GDWD












WKH PHDVXUHPHQWV EHLQJ PDGH WR DVVXUH WKDW WKH\ DUH
DFFXUDWH )RU VRLOPRLVWXUH WKLV LQYROYHV FDOLEUDWLRQ RI WKH
VHQVRUVZKLFKDUHLQVWDOOHGLQWKHVRLO7KLVZLOODFFRXQWIRU
VHQVRU YDULDWLRQ EXW LW LV DOVR QHFHVVDU\ WR VFDOH WKH ORFDO
PHDVXUHPHQW WR WKH VXUURXQGLQJ DUHD LI WKH GDWD LV WR EH
XVHG LQ D UHPRWH VHQVLQJ YDOLGDWLRQ SURJUDP  7KHUH DUH
VHYHUDOPHWKRGVRIVFDOLQJLQVLWXGDWD7KHPRVWFRPPRQLV
FRQGXFWLQJDQLQWHQVLYHILHOGH[SHULPHQWZLWKILHOGVDPSOHUV
DQG V\QFKURQRXV DLUFUDIW IOLJKWV RI DQ LQVWUXPHQW VLPLODU WR
WKHVDWHOOLWH LQVWUXPHQW LQTXHVWLRQ 7KHUH LVDORQJKLVWRU\
RIVRLOPRLVWXUHH[SHULPHQWVZLWKWKLVGHVLJQLQFOXGLQJ6RLO
0RLVWXUH([SHULPHQWVLQ60(;60(;
DQG  60(; ZKLFK IRFXVHG RQ WKH $065(
LQVWUXPHQW>@>@7KH&$1(;60H[SHULPHQWLQ
>@>@IRFXVHGRQYDOLGDWLQJWKH6026LQVWUXPHQWDQGWKH
60$3 9DOLGDWLRQ ([SHULPHQWV LQ  DQG 
60$39(;  ZHUH FRRUGLQDWHG ZLWK WKH 60$3
LQVWUXPHQW 7KHVH H[SHULPHQWV SURYLGHG VLJQLILFDQW
YDOLGDWLRQ RI LQ VLWX QHWZRUN DFFXUDF\ DQG
UHSUHVHQWDWLYHQHVV $QRWKHU PHWKRGRORJ\ LQYROYHV WKH
UHJXODU VDPSOLQJ RI VRLO PRLVWXUH VDPSOHUV ZLWK EURDG
VDPSOLQJWKURXJKRXWWKHVHDVRQRILQWHUHVWXVXDOO\VXPPHU
2QH VXFK FDPSDLJQZDVFRQGXFWHG LQ VXSSRUWRI WKH6RXWK
)RUNQHWZRUN LQZKLFKHVWDEOLVKHGDQ HUURU OHVV WKDQ
 PP IRU VHYHUDO 60$3 SURGXFW SL[HOV $QRWKHU
PHWKRG RI VFDOLQJ LV E\ GHSOR\LQJ DGGLWLRQDO WHPSRUDU\
7DEOH'HVFULSWLRQRI86'$$56([SHULPHQWDO:DWHUVKHGVZLWKGRPLQDQWIHDWXUHVIRUHDFK
:DWHUVKHG1DPH (VWDEOLVKHG RI6WDWLRQV 7RSRJUDSK\ /DQGVFDSH 6L]HNP
:DOQXW*XOFK$UL]RQD   5ROOLQJ 5DQJHODQG 
5H\QROGV&UHHN,GDKR   0RXQWDLQRXV 5DQJHODQG 
/LWWOH:DVKLWD2NODKRPD   5ROOLQJ 5DQJHODQG:KHDW 
/LWWOH5LYHU*HRUJLD   )ODW 5RZ&URS)RUHVW 
)RUW&REE2NODKRPD   5ROOLQJ 5RZ&URS 
6DLQW-RVHSK¶V,QGLDQD   )ODW 5RZ&URS 






QHWZRUN VWDWLRQV WR LQFUHDVH WKH QXPEHU RI VDPSOHV RI
FDOLEUDWHGVHQVRUVSURYLGLQJDEHWWHUHVWLPDWHRIODUJHVFDOH
VRLO PRLVWXUH GLVWULEXWLRQV  7KLV KDV EHHQ FRQGXFWHG LQ
FRRUGLQDWLRQ ZLWK ODUJH VFDOH ILHOG H[SHULPHQWV VXFK DV
&$1(;60 60$39(; 60$39(; DQG
60$39(; DV ZHOO DV VWDQGDORQH H[SHULPHQWV LQ 1HZ






'DWD IURP WKHVHZDWHUVKHGVKDYHEHHQFRPSDUHG WR WKDWRI
YDULRXVVDWHOOLWHVIRUDYDLODEOHWLPHIUDPHVGHSHQGLQJRQWKH
VDWHOOLWH PLVVLRQ  7DEOH  FRQWDLQV D VXPPDU\ RI WKH
SXEOLVKHGUHVXOWVRIWKHVHQHWZRUNFRPSDULVRQVWRWKHODUJH
VFDOH SURGXFWV  7KH RYHUDOO DFFXUDF\ RI WKH $065(
SURGXFWV ZHUH OHVV WKDQ  PP 506( >@ ZKLOH WKH
506( IRU 6026 ZDV OHVV WKDQ  PP >@ (DFK RI
WKHVH KDV D QRPLQDO IRRWSULQW RI  NP DQG KDYH VLPLODU
SHUIRUPDQFH PHWULFV  7KH $TXDULXV VRLO PRLVWXUH SURGXFW
KDV D QRPLQDO IRRWSULQW RI  NP WKHUHIRUH RQO\ WZR
ZDWHUVKHGV ZHUH RI VXIILFLHQW VL]H DQG KRPRJHQHLW\ WR
SURYLGHYDOLGDWLRQGDWD >@60$3 LV VLPLODU WR6026 LQ





&ULWLFDO WR WKH LQFRUSRUDWLRQ RI WKHVH QHWZRUNV LQWR D
YDOLGDWLRQ SURJUDP KRZHYHU LV VRPH XQGHUVWDQGLQJ RI WKH
DFFXUDF\ DQG TXDOLW\ RI WKH QHWZRUN GDWD  7KH ILUVW
YDOLGDWLRQ H[SHULPHQW RQ RQH RI WKHVH QHWZRUNV ZDV
FRQGXFWHG LQGXULQJ WKH60(;H[SHULPHQWZKLFK
HVWDEOLVKHG WKH DFFXUDF\ RI WKH /LWWOH :DVKLWD QHWZRUN WR
ZLWKLQPPRI WKHRYHUDOOGRPDLQDYHUDJH >@ 7KLV
ZDV IROORZHGXS LQZKHUH WKH:DOQXW*XOFKQHWZRUN
ZDV YDOLGDWHG WR ZLWKLQ  PP DV ZHOO >@ 2WKHU
QHWZRUNYDOLGDWLRQVZHUHFRQGXFWHGDQGDUH OLVWHG LQ7DEOH
 1HWZRUN GHSOR\PHQWV KDYH DLGHG LQ RWKHU QHWZRUN






SURJUDPV EXW TXDOLW\ FRQWURO LV HVVHQWLDO WR HQVXUH WKH
HVWLPDWHUHSUHVHQWVWKHHQWLUHGRPDLQ)LHOGH[SHULPHQWVDUH
D NH\ WRRO WR SURYLGH VFDOLQJ GDWD IRU D QHWZRUN EXW DV
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%RVFK066H\IULHG'&*RRGULFK060RUDQ³9DOLGDWLRQ




>@1MRNX (* 7- -DFNVRQ9/DNVKPL 7.&KDQ DQG69







>@ &RVK 0 + 7 - -DFNVRQ 3 - 6WDUNV * & +HDWKPDQ
³7HPSRUDO VWDELOLW\ RI VXUIDFH VRLOPRLVWXUH LQ WKH/LWWOH:DVKLWD
5LYHU ZDWHUVKHG DQG LWV DSSOLFDWLRQV LQ VDWHOOLWH VRLO PRLVWXUH
SURGXFWYDOLGDWLRQ´-+\GURO

>@ &RVK 0 + 7 - -DFNVRQ 0 6 0RUDQ 5 %LQGOLVK
³7HPSRUDO SHUVLVWHQFH DQG VWDELOLW\ RI VXUIDFH VRLO PRLVWXUH LQ D




7RWK $:DONHU +0F1DLUQ 3 ( 2
1HLOO00RJKDGGDP ,
*KHUERXGM$&ROOLDQGHU0+&RVK-%HODQJHU0%XUJLQ-
)LVKHU 6 % .LP / 3 5RXVVHDX 1 'MDPDL - 6KDQJ $

















:DOQXW*XOFK$UL]RQD     aPP
5H\QROGV&UHHN,GDKR     7%'
/LWWOH:DVKLWD
2NODKRPD
    aPP
/LWWOH5LYHU*HRUJLD     PP
)RUW&REE2NODKRPD     PP
6DLQW-RVHSK¶V,QGLDQD     7%'
6RXWK)RUN,RZD     aPP


&DQ([60 2YHUYLHZ DQG 3UHOLPLQDU\ 5HVXOWV´ ,(((
7UDQVDFWLRQV RI *HRVFLHQFH DQG 5HPRWH 6HQVLQJ 


>@ &RVK 0+ 7 - -DFNVRQ & 6PLWK % 7RWK $ %HUJ
³9DOLGDWLQJWKH%(506LQVLWXVRLOZDWHUFRQWHQWGDWDUHFRUGZLWK




$ 3DOHFNL 0 7HPLPL ³'HSOR\LQJ WHPSRUDU\ QHWZRUNV IRU
XSVFDOLQJ RI VSDUVH QHWZRUN VWDWLRQV´ ,QWHUQDWLRQDO -RXUQDO RI









>@ %LQGOLVK 5 7 - -DFNVRQ 0 + &RVK 7 =KDR 3 (
2¶1HLOO ³*OREDO VRLO PRLVWXUH IURP WKH $TXDULXV VDWHOOLWH
GHVFULSWLRQDQGLQLWLDODVVHVVPHQW´,(((*HRVFLHQFHDQG5HPRWH
6HQVLQJ /HWWHUV  GRL
/*56
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6 .LP 0+ &RVK 56 'XQEDU / 'DQJ / 3DVKDLDQ -
$VDQXPD . $LGD $ %HUJ 7 5RZODQGVRQ ' %RVFK 7
&DOGZHOO.&D\ORU'*RRGULFK+DO-DVVDU(/RSH]%DH]D-
0DUWtQH])HUQiQGH] $ *RQ]iOH]=DPRUD 6 /LYLQJVWRQ +
0F1DLUQ $ 3DFKHFR 0 0RJKDGGDP & 0RQW]ND &
1RWDUQLFROD*1LHGULVW 73HOODULQ -3UXHJHU -3XOOLDLQHQ.
5DXWLDLQHQ -5DPRV06H\IULHG36WDUNV=6X<=HQJ5
YDQ GHU 9HOGH 0 7KLEHDXOW : 'RULJR 0 9UHXJGHQKLO -3
:DONHU;:X$0RQHUULV3(2¶1HLOO'(QWHNKDELL(*
1MRNX DQG 6 <XHK ³9DOLGDWLRQ RI 60$3 VXUIDFH VRLO PRLVWXUH
SURGXFWV ZLWK FRUH YDOLGDWLRQ VLWHV´ 5HPRWH 6HQVLQJ RI
(QYLURQPHQWLQUHYLHZ
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